Multimodality image overlay is increasingly used for complex interventional procedures in the cardiac catheterization lab. We report a case in which three-dimensional magnetic resonance imaging (3D MRI) overlay onto live fluoroscopic imaging was utilized to safely obtain transhepatic access in a 12-year-old patient with prune belly syndrome, complex and distorted abdominal anatomy, and a vascular mass within the liver.
INTRODUCTION
Recently, traditional fluoroscopy used in catheterization labs has been augmented by advanced imaging techniques including three-dimensional (3D) rotational angiography, computed tomography (CT), and magnetic resonance imaging (MRI). These datasets can be fused onto real-time fluoroscopy imaging to help guide complex interventions and improve visualization of structures not well seen by standard fluoroscopic techniques. In recent years, this technology has been applied across many types of cardiac interventions.
We describe a unique use of MRI overlay to assist with transhepatic vascular access in a patient with multiple venous occlusions, extensive venous collateralization, and complex abdominal anatomy. This technique was utilized both to avoid a large hepatic mass and to directly access a hepatic vein.
CLINICAL SUMMARY
A 12-year-old, 32.8 kg boy, with a complex medical history, including prune belly syndrome and obstructive uropathy status post two renal transplants, was referred to the catheterization lab due to superior vena cava (SVC) stenosis. His history of multiple indwelling lines resulted in diffuse venous thromboses including occlusion of the SVC, innominate vein, right and left subclavian veins, right and left internal jugular veins, infrarenal inferior vena cava, and the common iliac and femoral veins. He had an increasing mean SVC gradient to 23 mmHg accompanied by worsening signs and symptoms of SVC syndrome. Given these findings, the patient was referred for cardiac catheterization with possible SVC stent placement.
Contrast enhanced 3D magnetic resonance angiography (MRA) was performed the day prior to catheterization. The MRA demonstrated an occluded proximal SVC [ Figure 1 ]. There were extensive collateral vessels in the chest wall, mediastinum, and paravertebral regions with dilated and tortuous azygous and hemiazygous systems and an enlarged left superior intercostal vein [ Figure 2 ]. In addition, on contrast-enhanced images, there was a large area of high signal intensity in the liver near the falciform ligament, representing hepatic venous congestion or a vascular mass. On coronal projection, the mass was located at the level of the projected transhepatic access site, and therefore, overlay of the 3-D MRI images onto live fluoroscopy was utilized to visualize the mass in relation to the access site.
Post-processing of the venous phase of the 3D MRA was performed and the image then registered to live fluoroscopy using a commercially available multimodality workstation (Leonardo with InSpace 3D 
DISCUSSION
Since the first description of transhepatic cardiac catheterization in children in 1995, [1] it has become an important route of vascular access in patients with limited venous access. It is traditionally performed using landmarks and fluoroscopic guidance, and can be performed with high rates of success and low incidence of complications. [1] [2] [3] Transhepatic access under ultrasound guidance may be particularly useful in patients with complex abdominal anatomy, and may further decrease the low risk of procedural complications. [4] We describe an adjunctive use of multimodality 3D image overlay to assist with difficult transhepatic access.
The use of 3D image guidance has found greatest use in interventional neuroradiology. [5, 6] This technique, however, has been used increasingly in cardiac procedures including in electrophysiology labs for mapping prior to catheter ablation [7] and for cardiac interventions in children with congenital heart disease. [8] [9] [10] This type of 3D road mapping has the potential to decrease procedural times and fluoroscopy dose, and as in this case, may improve visualization and procedural comfort with complex anatomy. Continued evaluation of this methodology will therefore be important to the future of interventional catheterization.
The complex abdominal and central venous anatomy of the described case increased the difficulty of standard transhepatic access techniques and the anterior vascular hepatic mass would have made ultrasound guidance difficult. While recannulation of occluded vessels could have been considered for access to the central venous anatomy, utilizing MRI overlay we were better able to understand the relationship between the vascular mass and the hepatic veins, which increased our confidence in the ability to safely perform transhepatic access. Use of MRI overlay on real-time fluoroscopy can be a useful adjunct to traditional techniques in cases with difficult or complex anatomy. The additional anatomic information provided by the overlay image may prove useful in improving safety and expediting procedures in the cardiac catheterization lab. 
